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ABSTRACT

This study examined the geographic distribution of maternal lineages and genetic diversity in the endangered Eurasian flying
squirrel population in Sobaeksan National Park (NP), South Korea, based on the sequence polymorphisms of mitochondrial DNA
(mtDNA) D-loop region using noninvasive fecal samples. A total of 201 D-loop sequences were further identified as 52 individuals
based on microsatellite (MS) genotypes. The entire population had eighteen haplotypes with high levels of haplotype diversity (Hd)
(0.91940.020) and nucleotide diversity () (0.0267£0.0015). The three populations within the Sobaeksan NP were related to each
other by matrilineal lineage regardless of isolation by geographic distance. Genetic differentiation (F«) was higher among populations
within Sobaeksan NP and Gangwon-do (0.196-0.227) than those among three populations within Sobaeksan NP (0.044-0.117), and
migration rate (Nm) was lower (0.85-1.03) than those among three populations (1.89-5.43). Phylogenetic analysis results showed
that the genetic distances between the three populations of Sobaeksan NP were close (0.0273-0.0321), so those are estimated to be
closely related to each other, but those appeared to be genetically distant from the haplotypes found in Gangwon-do (0.0422-0.0495)
and Jeollanam-do (0.0513-0.0551). These findings suggest that the results of this study will provide crucial information for developing
future management strategies to manage the habitat and enhance genetic diversity of the endangered Eurasian flying squirrel in the
Sobaeksan NP, South Korea.
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INTRODUCTION

FE2 UE QoA BEote oFdA ZR-5E21 SHEUEF (Peromys volans)= 575 2] HTEO||AFE 5 ofA[ofR] 2]A]of
Sakhalin, &2 Hokkaido, $HRHE, = 555 | <ol A4 EZSHHWon, 1967, 1968; Nowak, 1999). $-2|Lztol| A= EA 2|55 A
QIS M=t tiRE9] =2 Abx|ol| A AR 2| 9E A R T A= EA] ek 204 7] SR A T AFASHE Sfet Fa S Akl
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HF2 A A AR 7F ARFR] 2L A7 2| oj| A= FHeFA = = o] & & A ZHA]|wto] TS5 T Won, 1967; Won and Smith, 1999; Yoon
et al, 2004). DA SUgol|l A ShethF = SEF BEA7IPIAE I, w8HAHY HA7Id 28 A AEo] HoE 1 ok
(Ministry of Environment, 2005; Cultural Heritage Administration, 2009). % A|A|Z 0.2 7)Aol Z+4A Fo|, ZA| A A B[ A2
o] I Q3 THA|-least concern-= A1 5 THShar et al., 2016). BEH 7|52 X33 oY 5E2] &, o] Eo ot HHS QA
A Bopel ATk X, 5744 thk/dol thet = v F Q 5}tk Pritchard et al., 2000; DeSalle and Amato, 2004; Ghildiyal et al.,
2023). A Holl A 173t 5 FA o] A4 2]2)F Aeo] st L a Y, A 235t st A5 52 A YT =
+ ootk Ato] o] AYAH AZA/Y, A 7t o, A YA S Tsh= EAF 717} E Th(Kobayashi et al., 2012; Saremi
etal., 2019; Mellya et al., 2025)

2T 2 ET 24729 B2 E DNA FHE 500] ZolsiAHA, &9 AT 25}, F44 o/ AtollA &
st Adat=S Ea1skal QU THHarris et al., 1998; Iverson et al., 2007; Xu et al., 2023). B]EZE2|of= AL Ujol] lof|A] WA
+ R 7W7EA] EAsto] A2 Al gollA = 1A 02 DNA JEE 55 4 AUTh E3t mDNAZF 2Af-35 5k, 3 DNA

=2 5ol &S el o] w2H| X15}s}7| wf#oll(Brown et al., 1979; Giles et al., 1980; Clayton, 1982), 2] 54, At

g1t 71E, o559 Fstel R A A Aol &S] o] &5 3l Qlth(Caragiulo et al., 2014; Gonzalez-Oliver et al., 2018;
Laxmivandana et al., 2022). °FJ&5=2] &2 0|83 HIH G4 AF50| Al=E Il Lo, HejoA 4, & 3 H st
B4 w2 ArstElo] DNAZE 23E]7] thel, 8143 4 9l DNAS] ool Hck w3 FjolAl fehel ulE, A3t
Al G2 o E, R A Foll o3t 2d2 A AR 3} sl =52 TS oA kAL UATH(Reed et al., 1997; Hajkova
et al. 2006; Lampa et al., 2008). THA|TF o 5ES A A ZIAY ol E T4 E1 FAA HEE HET 4 o], &
' DNA Q75 F2] A4 8L A4 24, 95 Tt S i @24 Bk A W AdZe] 371 4E 5 o
st Hofof| A ZHts] ALE| 31 Tk (Tende et al., 2014; Mumma et al., 2015; Rodriguez-Castro et al., 2018; Ibouroi et al., 2021).
1968'd S THEF] o] ¥ A of] gk 5L H 31 (Won, 1968) ©] %, @AN7HA] mUiof|A] skt of thet A= A AIX] ] F3E, A A1%]
o|-& 541 5 ollF, o] &k et 71 Ao AMA 4 Soll Bt Aq-50] 5 o] il ltK(Cho etal., 2013; Han et al,,
2018; Kim, 2018; Lim et al., 2021). MtDNA cytochrome B (CYTB) 2] Theg/dol] thgh dtol| A -2lutet e =5 ofAJot Al
EFo]| &5A| 1 2l Ao}, 23, U (Hokkaido) A THt= 8HA5] JLEE| o] g4 2 0 2 B35lw]o] 9] © H(Oshida et al., 2005; Lee et al.,
2008b), =Uioll A &= | 4] 23k] 7H5/d 2 AQFSEAL UTH(Kim, 2018). F/dH = BHeF S EE 5559 MlFo{ol| o x|gk &
A E S A Ut shet R 2] 8 AAA] F shuE, X7 HIRSE of2] A ojjA] shstRF7F A4 o2
T ATKKim, 2010; Lim et al., 2021; Shin, 2023). SFA| T ABlARE 291 U] of 2] 2] F 52| G317 AP A 2}
S+ o4 gl

o]l AOIME AT T UollH ST} A4 502 BRI Aol 408 2ulol the B84 DNA 24
£ Bl Qete] S5 Tz} A2)4 RE| AP S AR 5 o A RS ofIshIx
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MATERIALS AND METHODS
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H
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A8 T Fope oldollM RElE Ao 2= BHE2 7o B, M2, B4 HE 55 efsto] B9 AR 2 FEs)
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Figure 1. Sample collection sites and haplotypes found in local populations of Eurasian flying squirrels in the
Sobaeksan National Park and other locations previously reported. A is a map of a part of Korean Peninsula,
including the Sobaeksan National Park (square) and locations (dark circles) where sequences were reported
in previous studies, and the codes in parentheses represent the haplotypes of each location. B represents the
three sample collection and study sites (C-E) in the Sobaeksan National Park. C-E represent Samga, Dansan, and
Gochiryeong research locations, respectively, and gray-colored circles indicate sample collection sites. Codes
within the map are the D-loop haplotypes found in each population.

Table 1. Information on the number of samples collected, the number of samples used for analysis, and the
number of animals determined through MS genotyping

Population No. of samples collected o af spec1mepsl Ll No. of D_IOOP SCQUENCES  No. of individuals?
analysis obtained

Overall 166 241 201 52

Dansan 71 99 78 18

Gochiryeong 56 83 72 16

Samga 39 59 51 18

'some samples were further subdivided according to size, shape, color and status, and separately used for DNA extraction.
Awas determined by comparing the MS genotypes in each population.

2. MtDNA D-loop fM%I2| =3} H7| M 2H

ZZ3F DNAS £ 22 mtDNA D-loop ¥ %2 Ryu et al. (2013)°] 135+ n|EZ=2]of DNA HA| A L(NC 019612)2] 15457-
15945 nt.2] 489-bp AW S E3lol= J9S tF o2 5Tt PCR Z&to]H+= NC 0196125 7] 22 Primer3 web program
(Untergasser et al., 2012)2 ©]-835}0] #2513t PvolDLF 5™-TGC TAT TAC TCG ACC AGT TAC CAA A-3’, PvoIDLR 5-CCA GAT
GCC AGA TAA AGT TTC AG-3". PCR+> Multiplex Plus PCR Kit (Qiagen, Hilden, Germany), DNA 221} Zato|H S 545 S35
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°CollA 5
,94°C 30X, 58°C 45%, 72°C 4522 o] o] A= A& 353] 4343t &, 72°Col|A] 587t 2| A sllet. T3
YHE-2 1.5% agarose 2 /g0l A 27|99 5510] ERISH &, DNA H7|AF 240] 0] 8513t AA|SH PCR AHE-2 dye-
termination ¥ . 2 ¥H-3-5F & ABI Automated DNA Sequencer 3730XL (Applied Biosystems, Foster City, CA)& ©]&5t] IS 2
Aot 2 H ML v P35 EANE] 9] nucleotide databaseCl|A] basic local alignment search tool (BLAST, https:/blast.
ncbinlm.nih.gov/Blast.cgi) Z4-& &3l 7] &0l E11E ME F 7H fAFRE M E & EAste] S5 A&RlehL, Al f A 245
Q1o shethEF e ZAFolM BaE A he] S 475U THTable 2).

o] 20 ul2 §H-3-5}%1 31, Mastercycler Nexus Gradient (Eppendorf, Wesseling-Berzdorf, Germany)Z 5-Z35}3/t} PCR BHg-2 94
AN

Table 2. Genetic diversity for mtDNA D-loop sequences and haplotypes in the Eurasian flying squirrel populations
in the Sobaeksan NP, South Korea

Population n' S 7 (Mean=+SD) nH nP  Hd (Mean+SD)  Fu'sFs Tajima’s D
Sobaeksan NP 52 46 0.0267 £ 0.0015 18 0.919 + 0.020 2.065 0.794
Dansan 18 36 0.0276 + 0.0025 6 2 0.817 + 0.054 7.527 1.039
Gochiryeong 16 41 0.0279 £ 0.0023 9 5 0.883 £ 0.061 2.312 0.341
Samga 18 32 0.0208 = 0.0023 11 6 0.915 £ 0.046 0.174 0.253

Sobaeksan NP indicates the Sobaeksan National Park, South Korea.

'was determined by comparing the MS genotypes in each population.

S, number of variable sites; 7, nucleotide diversity; nH, number of haplotypes; nP, number of private haplotypes; Hd,
haplotype diversity; SD, standard deviation.

“significant Fu’s Fs values (P<0.01).

3. DPO|3=MIS2IO0IE CHERHRIHES o[22t JHM| M=

ek 7|4 2Hol-S Q]3] Zittlau et al. (2000)2] MS BFH 12(GS-10), Painter et al. (2004)2] 1} 4Z(PvolE1, PvolES5, PvolE6,
PvolE10)2] -2 & A7 k3Tt ARE-gE MS 1A 582 AP A2 3ol A T A HgFo] 0.6 o]/l (Zittlau et al., 2000;
Painter et al. 2004; Tian et al., 2025), AFA AJ&loj| 4] PCR & §-80] 50% ©|/3<! upAH S-S A5tk AR v]7]2). MS kA 9] v
3 melo|H = PLH E FAMS 5-Erhol| E2|51ch PCR-E Multiplex Plus PCR Kit (Qiagen, Hilden, Germany), Z2}0] ™, DNA &
oyt S R4E E35to] 10 ulE BESSHATE PCR 3-3-2 Mastercycler Nexus Gradient (Eppendorf, Wesseling-Berzdorf, Germany)E- ©]
85}91 71, PCR §HS-2 94°Col|A] 587F 2 7] HA] T 94°C 30%, 65°C-55°C7HA] £t 0 2 L= & 74X 7)== Ake 45% 72°C
45%.9] touchdown ]S 103] HHE5}01, 94°C 30%, 58°C 45%, 72°C 452 2 0]o] A= A2 253] Z715t &, 72°CollA] 158
7t 2F AT Zk2be] MS UFAE-2 Taberlet et al. (1996)2] A|Qtol] whet tha-FH 2 W4 0 2 33] ¥hE 905190t 5=
H PCR AHE-2 1.5% agarose 2 /ol 4 47| 9-55to] &Rlskal, 28] F-F4* GeneScan 500 LIZ Dye Size Standard (Life Technologies
Ltd., Woolston, WA, UK)2} 3}5}0] 215 7|41 E #A41%%] ABI Automated DNA Sequencer 3730XL (Applied Biosystems, Foster City,
CA)Z H7NHA T T3 2452 GeneMapper ver. 5 (Applied Biosystems, Foster City, CA)E- ©]-8-5}0] PCR AH=2] Zo]of ujzt 2
ot AA| 559 MS uHA 5 371 042 niAol A AR E £53 AlE5THE ti o2 Y 7|4+ wEoiich A5
FAAFS A B = CERVUS ver. 3.0.3 (Kalinowski et al., 2007y ©]-85t0] 5L HALE 345k, thd 7302k 23hE vl asto] 7H

A5 A=A

4. D-loop A tHHIEC| R ClFdat AIE K2
o] Ao A A H D-loop MEEH 7|& A+ HEE $335}0](Table 1), CLUSTAL W (Thompson et al., 1994)2 TH JZ3}H]
o} AEE A S0l vt AP A%, A4 o A4 34 A5 A=, 53924 235 A2 DnaSP ver. 6.10.04 (Rozas

etal, 2017)E ©|-§5Hltt. A7I1M L thFE(met BAE THF=(Hd)= Nei (1987)2] ' 22 AFE3I1A1, FH A 245 9

S
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3l Tajima’s D A|4* (Tajima, 1989)2} Fu's Fs A|4%(Fu, 1997)& AFESI3ITE. AT Abol o] 544 Eatet /42t S58 F7517] 2ll
Hudson et al. (1992)2] Fy A4S 4F=5}A1, 0]F-&(migration rate, Nm)-< Wright's Island Model (Nm=(1-Fy)/4F) (Wright, 1931)E- ©]-&
sto] AlksRATt, = THEF D-loop AT E2] AlS FA A= MEGAT (Kumar et al., 2016) 2 1348 o]-&5}o] Al H ottt
7N A M EE Atolol|A 2 A 57424 A2 A|4~+= Bayesian Information Criterion 47} 7HY W2 HE-S Q72| A=
7P & A 4 Yl B2 74510 Tamura and Nei (1993) W Q2 AFESIAL, Gamma o4t 2325 2-&sto] ML 7F 218k &
o] B4 U/d-E &3}3t & Neighbor-joining tree (Saitou and Nei, 1987)% 2HJ5H3Ath TS Atolol|A ] Ha 7424 A=A <
A Tamura and Nei (1993)2] ®'H O 2 Gamma ©|AF 2L E Z-85t0] AHEoelnh Alg4 £A12] Al2)/dE& #8371 /1§ Bootstrap
(Felsenstein, 1985)2 1,0002] HHE51101, 24| FEjQ] Z|Agtel 3524 3412 22 ooz tts i Sa50lM Hild A
Y -E(NC 031847, Hylopetes alboniger; KY410849, Callosciurus finlaysonii; AB239459, Petaurista grandis; AB043814, P. leucogenys;
AB239355, P. lena; AB100911, P. albiventer) S 23510 AlE42 24519

RESULTS AND DISCUSSION
1. D-loop ThHH[e] R % Crkdnt SEiTIeH &4

HlARLR 2] U 37 | (A7), Al )30l A 2715 1667112] ol A &3 24171 DNA Al 22 2415103 2017} D-loop
MBS 51 o] & MS FARFg of| whet s27HA1 S 15 Th(Table 1). A 527] D-loop A BE-2 46712 T A A7 A Lol
o5 187 THAtAIF o 2 TEEQ Y, H7)A D T T (1)= 0.026710.0015, FAAIE TS (Hd)= 0.91910.0200] AT}, THAF At
2 1870A19] MEE0] 36712] TFd A A7 A Holl oJal 67] HFA P o2 2= 1, 17]9] 17 Aol EFF O™, m= 0.0276
+0.0025, Hd= 0.817£0.0541T} 1127 A2 1670A12] A 50l 41709] TF A A7) A LGoll 2laf 97 THFAIF o= 2= 1, 5
7N 15 AR o] SHZ oM, 7= 0.28010.0023, Hd= 0.83310.061°] T A7 Aok 18714 2) D E0] 327112) th 2] 9 7]
Aol o5l 117] HgAF o= 2511, 67 27 TFAIF o] 2, 1= 0.020810.0024, Hd= 0.91510.046°] S THTable 2).

o[H Aol Ele A SHETHEF D-loop A1E 2] 7 44(0.0267+0.0015)TF Hd 44(0.91910.020)2 B4 f5l2] H=(r
=0.001567+0.00040, Hd=0.642+0.103), ol A E U o}r=0.00048 +0.00007, Hd=0.305+0.047), 2] A0} Karelia (77=0.00127+0.00048,
Hd=0.700£0.218) A TE0l|A E11H 527 (Nummert et al., 2020) 2 0} B =}t ¢yt BE29] 7152 314 thef/dol| tig
A8 A Lo A} A oFAF AFK(Naemorhedus caudatus)S 77 0.007, Hd 0.886 (Kim et al., 2025), tht-74A42 & 4~(Lutra Jutra)S 7 0.01041
+0.0012, Hd 0.9202 (Hwang and Cho, 2018)2 ©]¥ A=Loj] I3} 1= AT Hd= 0.8 022 BF 52 £F0|9lth feuzks
Sto] &(Prionailurus bengalensis)l| A1 cytBL] 1 4f-2 0.0016 (Kim et al., 2010)2 SH=THEF cytB2] 7 4F 0.006160.00070 (Lee et al.,
2008b) 2 T} 2okth Zujjol| A A= A x5 Z T (Tamias sibiricus)= 77 0.018860.0008, Hd 0.94470.007 (Lee et al., 2008a), 5
ZZ|(Apodemus agrarius coreae)= 71 0.00683 10.00065, Hd 0.96710.012 (Kim and Park, 2015a), & W2 th2] H-2F(A. peninsulae)= 7
0.0084410.00042, Hd 0.980+0.010 (Kim and Park, 2015b)% sF=THEF B0}t r= T &0, Hdve WFAT o]t Aol Af Aufik
T2 7= 0.005 ©]4}, Hd= 0.8 ©]440] 3L, o] Af= G2 0 2 0Py H 420 2 7HEEITHNei, 1987; Rogers and Harpending, 1992).
Et, ol AAlshHe ohE A& TECIU BE 7] ZR-5E) HIsiA T 53174 trdido] By E2 Adeigict. b, sk
T}3 mtDNA cytB -22H9] m= =% oFAJo} 0.009510.00246, Y2 (Hokkaido) 0.00220.0007, H-A] §-2FAlo} Al =0l A 0.0062
+0.0055%{H(Oshida et al., 2005). Lee et al. (2008b) 242} shethEF AT =5 oAlot Algwtell &5HH, =5, 2 Aok, &
2 (Hokkaido)2H= T2 S E S YER AL, m= 0.0061610.000702. 8 E5 §-2}A]0}0.0059110.00318) 2T} =01}, 25 24|
©}(0.0095040.00246) 2.0} 2Tl 5tict. o A Ao A & shte] Su| 2 M2 Aulik kol A D-loop2]  4£(0.0269+
0.0014)2 A3 AL2] eytB 11 24(0.0061610.00070) (Lee et al., 2008b)el] B] 8} B2 =9tth= 91, o]2gt A3k BA] 83 371 {
h@E, o AE Lo}, 2] A|o}e] Karelia)ol A = D-loop2] 7T 34(0.00048-0.00156)°] cytB 9-AAFS] 7 %1(0.00027-0.00097)01] H]3] &
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2 E9FHNummert et al, 2020). ©] 23+ ATH5-2 51512 mDNACIA] H] 25514 9121 D-loop Go] THlA &3t S}l
cytBol| H]al o w2 A] XI5letal Q13- Hojsar it

ZYsE A Ak Table 2)0ll A1 A Feko] Fu's Fs A4 1.360, Tajima’s D A|4-= 0.7172 YERHQI AL, G974 91 £F-2 Hol
A] QkTHP<0.05). A1 W Foll A A7}, 125 AT Fu's Fs@ Tajima’s D A4+ 25 524 Q1 252 LR A] &okP<0.05),
SRSt Ao]] Qltkar & 4 Qlok BhH, Tk ZThe Fy's Fs7t 7.5272 ¥ ZHHOIHA B2 72291 42(P=0.003, P<0.01)&
UEb o], 39 At o] 44 A2 Holm, f1% B EF/do] X8 Fol AL, o2 A ko] op e 7?%*3 < UEr
ATh(Fu, 1997). SHAITE, ThAE k] Tajima’s D A427}F0.7172 F2] Zrol ATk, 2] 291 52 obl 2 2(P>0.10), 34 54
o] 75t Al= &t T 4 QU tH Tajima, 1989). A Aol A] ol AE Lo} HTh Tajima’s D A7} 2] % 0] A] ¢k U.i T, 2o}
(Karelia) Tholl H|3l] 8-492] 23517} Wk 1 54 thNummert et al., 2020). 2-2juehe] Y57t 47419k S5j|ot 2| ol A £3 é ey
A 2L7|(Pungitius kaibarae) RS- Fu's Fs®} Tajima’s D &5 -7-2] 2] 0| x| k9Fo ‘-J'(Klm et al,, 2023), A& A FAYo|(Mauremys
reevesii) Y& P2 Folal, §-ol3 £5-E Hol 44 HEA/Go|u w3 e o] XI8Y F 0 = 7453 THMoon et al., 2025). ¥
Edo|u A ot 2L 2|2 H 0 2 Agjx|o] §374 SFo| AtHE EE&OﬂH Z2 BHAY517] wf2oll(Tajima, 1989; Fu,
1997), SAF 2|9 Al 7-e] Ak eieh U eI 1k 5344 Thpd 244 o] 2|k ofok gt
2. D-loop ME M| X|HE Bx
HetollA 27 E D-loop A EETH AP AToA B MEES TS ul, T 23709 S/dAF E(SK01-SK23)0]
=) Qich Aol Tlof| A 2 & ZH2(MH212330)2 HF(MW722950), Fehd T 23l (Mw722951)2] A DS} Ao ek 27} §l
= MEES(MT430951, NC_019612)2 27 78 SFAF o2 T2 QL0 Ak HehSat AX|5HA] Ftt. o5 & 271 A% ©]

oA 3502 AEH SAAIF-S 570(SKO1, SK05, SK10, SK12, SK15)2oH, U A] 187]& A .18 A& o] 1 th. SKos,
SK10, SK12+= £-HAY U Tk 12 - ghat K] ofoll A B B2 E] 9101, SKO12 1A F-47h, SK15E Tat-Ad7tel A -5l gl A
24 A2|7} 7p7ke DAL Abololl M & 37kA] AR o] 3F o' HREY, A o' A2zt W 7R A7
2 47HA] A2 5-3-5FU THTable 3).

A B BAETHs AuAk U 370 2] Y-S0

o
Aol M= LA|5HA] =the
|

HIA}

).‘!"

o

A | ZAZE A= %ﬁx—i—o—i Ake]o] YA, 1§ AP o] Wk A
S A A & S Uepdlt), i 7-29] o 5= H e DA —E# = B
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ot W ol oSt FU/RE, Ev Botet w77t S Aol A8& o] 4 H Al (Larson et al., 2005; De Jong et al., 2011; Sexton et al.,
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MEL THRE BT, 552 AdEE o8, @52 AR GFAIe Aot At o] & A& 5 skt F 7414
sS4l AJEE—,]X]Q?% 2 3Fakal @loj(Won, 1967; Yoon et al., 2004; Kim, 2010; Lim et al., 2021), 2|5 AH S AuiARS AJef 4]
O 2 AZE|o] ot & 4= UTk(Fig. 1). SFAIRE AR k2 Ao & & 453t B, debd e oA Haud MEEahe
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Table 3. Haplotype distribution of the mtDNA D-loop sequences in the Sobaeksan NP and other locations
reported in South Korea
Sobaeksan NP

Haplotype Dansan Gochiryeong Samga
SKO1 2 4
SK02 1
SK03 1
SK04

SKO05 1 1 1

SK06

SKO7

SK08

SK09

SK10 6
SK11

SK12 1
SK13 1

SK14 1

SK15 2 1

SK16 1
SK17 1
SK18
SK19
SK20
SK21
SK22 1

SK23 1

Total 18 16 18 2 1 2
Sobaeksan NP indicates the Sobaeksan National Park, South Korea.
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Table 4. Genetic differentiation (Fs, lower left) and migration rate (Nm, upper right) among D-loop haplotypes of
the Eurasian flying squirrels in Sobaeksan NP and other locations from South Korea

Sobaeksan NP

Population Samga Dansan Gochiryeong Gangwon-do
Sobaeksan NP Samga 5.43 1.89 1.03
Dansan 0.044 3.85 0.91
Gochiryeong 0.117 0.061 0.85
Gangwon-do 0.196 0.215 0.227

Sobaeksan NP indicates the Sobaeksan National Park, South Korea.

4. 7S fA2A2t X2/ H 71 A

Tamura and Nei ®4](1993)2. 2 AFEoF SdAd 7 57474 A=A = 24 0.0030 (SK01-SK02, SK12-SK 14, SK15-SK 16, SK06-
SK19)0flA] |31 0.0838 (SK06-SK23)2 HERHATHARR 1| 7] A). HH, ek 7 7732 A2 &] 4= AHi4E tlofl A 0.0273-0.03212
AHRAR 7T I2(0.0422-0.0495), AHYAR 2R (0.0513-0.0551) 2 CF W9 Ch(Table 5). AlE f-ATHA| 24 ZAutofjA] At Zcho)
IAE 18702 g roll Al B s7H ML E2 AlSS AdollAl 67] oFAl - (subclade I-VI) Q2 FEE| Q11 A2 0 2 92
w2} Al (South Korea clade)oll 925131ch HHA, ==, o] A& U o}, 2{A|okKarelia)ol|A] E1L%H D-loop AEE2 541 71 Al
“5-(Northwestern Europe clade)2 @/d5F31 0L, S-2juzte] M EExte F26HA 2AE Utk 24 &A= ofAlE = vIo] 3524
of of 7ML, oAl Vgt Y A] AP E2] BAl= 100% A A =5 Hich 92|yt oAl S thEE(ILIV)2 54 77 A
E o] vlsf HA EAH FAFS BT, oAETLE oIS T 1, e BA G4 A5 U5 2o A E 225 chFig.
2). 0|25+ A1}-E-2 Oshida et al. (2005), Lee et al. (2008b)2] ATH 19} G A}SH Ao 11, Oshia et al. (2015)°] A|QFeH -Ge}A|of-
H(Hokkaido)2 ©F 20405+ A 7, F-5okAlof-5A] FatA|of FhEo] oF 7-149F d Hof| EX= g 7Hs/dol| st 7Hd 2 | A|5¢

1A=

Table 5. Estimates of evolutionary genetic distance (lower left) and standard error (upper right) over sequence
pairs between populations

Population S ngigﬁan NP Croea Gangwon-do Jeollanam-do
Sobaeksan NP Samga 0.0048 0.0052 0.0076 0.0103
Dansan 0.0273 0.0052 0.0081 0.0102
Gochiryeong 0.0298 0.0321 0.0082 0.0107
Gangwon-do 0.0422 0.0483 0.0495 0.0101
Jeollanam-do 0.0513 0.0529 0.0551 0.0484

Sobaeksan NP indicates the Sobaeksan National Park, South Korea.
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65 D-1H4 MHO026000 Finland, Russia (Karelia)
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D-1H6_MH026002_Russia (Karelia) Northwestern Europe
31 ID-IH1_MH025997 Finland, Estonia, Russia (Karelia)
D-LH3_MHO025999_Finland

D-1H2_MHO025998_Estonia

SK22_MW722951_Jeollanam-do (Gurye)

SK23 MH212330 Ganwon-do (Gangneung)
SKO04_Sobaeksan NP (Dansan) I

[ =

SK03_MW722950_Gangwon-do (Pyeongchang)
SK01_Sobaeksan NP (Gochiryeong, Samga)
SK02_Sobaeksan NP (Samga)

SK07_Sobaeksan NP (Gochiryeong) m JII
SK12_Sobaeksan NP (Dansan, Gochiryeong, Samga)
SK13_Sobaeksan NP (Samga)

SK14_Sobacksan NP (Gochiryeong) South Korea
76— SK19_Sobaeksan NP (Samga)
65|'SK20 Sobaeksan NP (Samga)
SK21_Sobaeksan NP (Samga) v
SK10_Sobaeksan NP (Dansan, Gochiryeong, Samga)
SK11_Sobacksan NP (Gochiryeong)

SKI18_Sobaeksan NP (Samga)

SK16_Undefined

SK15_Sobaeksan NP (Dansan, Samga)

SK17 MT430951_Undefined
93 SKO08_Sobaeksan NP (Gochiryeong) v
84 |: SK09_Sobaeksan NP (Gochiryeong) I
60 SK05_Sobaeksan NP (Dansan, Gochiryeong, Samga) I V] -
SK06_Sobaeksan NP (Dansan)
NC 031847 Hyiopetes alboniger

KY410849 Callosciurus finlaysonii
AB239459 Petanrista grandis
ABO043814 Petaurista leucogenys

99 ABLO09L1 Petaurista albiventer
0.020 69 AB239355 Petaurista lena

Figure 2. Neighbor-joining tree of phylogenetic relationships among the 23 D-loop haplotypes (SK01-SK23)
identified from the Eurasian flying squirrels (Pteromys volans) in South Korea, based on the Tamura and Nei
(1993) with gamma distribution model. Numbers represents bootstrap p values (1000 bootstrap replications). The
Bootstrap supports are given on branches. Haplotype codes are given in the Table 3. D-loop haplotypes D-IH1 to
D-IH6 were designated by Nummert et al. (2020). Sobaeksan NP is the Sobaeksan National Park, South Korea.

ot A-toll A AEiAk 527l Aol A 18702] A o] HEE o, BA f--(13070)2] TgAI7 67H(Nummert et al., 2020)
Hro} wottt o] ZIb= B §-Atol| st A2 3HE(Oshida et al., 2005; Lee et al., 2008b)ZHe. F-AFSH /o] T} Oshida et
al. (2005)2 ¢-2|uzk-g5otA| o} 3270 Aol A TS 297K, Lee et al. (2008b)2 2-2nt2te] 147710014 A1 770, S22
2lalok 17RO SRR 10718 Bshgirt olx1a ALR 4ol ]s] AthH o2 e thAldo] Blule ks Az Sl
27 Ao oj W2 Uehu, 3 A ool 28 A|7HE RIBsHEIA, hE X ojate] 2zt it ol HIge-S on]
GH(Brown et al., 1979; Clayton, 1982). ©] A3} H| 9t /2 SHotAotoll M AR, by, 5251, D94 H2H25] 5 o
2] A2 Fol| A= B 1| THOshida et al., 2005; Koh et al., 2006; Kim and Park 2015a, b; Lee et al., 2008a, b). ©]/d2] 2752 2-ut
2}, 422 ZRE FHOM o 2| Y o] A4 sl | Ft EH-5=2 wdH =M W77 S ot fAAEE BRR A
So] 9=, 5 o]F x| g A9l st Bslr} Ehs] ZaYH 7o 2 2435131 JthOshida et al., 2005; Sakka et al., 2010; Oh
2013). 224 & LA kS LRSE Ut shathE s AT JA] ofAloL tiFollA] ofg] xie|ofl B3] 2AIE0] FUE]

AL, FAH BAS0] 28 AZEet AeHA ZakE 3s) giohal siAH ok

CONCLUSION
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